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(54) DRIVER DRIVING METHOD; DRIVER CIRCUIT; TRANSMISSION METHOD USING
DRIVER,AND CONTROL CIRCUIT

(57) A driver circuit 10 comprising a driver unit 30
and a driver control unit 20 for controlling a driver by
comparing present data of an input signal with previous
data, wherein the driver unit 30 includes a plurality of
parallel drivers, and the driver control unit 20 compares
the present data of the input signal with data one cycle

back and, if they are not identical, causes the plurality
of parallel drivers to operate, thereby increasing the driv-
ing power of the driver. The driver control unit 20 further
compares the present data with data two cycles back
and, if they are identical, can reduce the factor by which
to increase the driving power by not causing a selected
one or ones of the plurality of parallel drivers to operate.
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Description

TECHNICAL FIELD

[0001] The present invention relates to signal transmission techniques using a driver and a receiver and, more par-
ticularly, to signal transmission techniques which may be advantageously applied, for example, to the transmission of
high-frequency signals between LSIs used in a computer.

BACKGROUND ART

[0002] Recent computer-related technology has seen a dramatic improvement in signal processing speed. With this
trend, the transmitting frequency of signals between circuit components such as LSIs has been increased to higher
than ever before. When the transmitting frequency is raised, if signals are transmitted over the same distance as before,
signal transmission loss increases to a non-negligible level. For example, in the wiring on a board in a computer used
as a server, as the operating frequency increases, the transmission loss of high-frequency components, due to the
skin effect, etc., increases to an appreciable level, and the sharpness of signal edges is lost, reducing the initial level
of the signal at the receiver end.
[0003] The reduction of the signal level at the receiver end results in reduced resistance to signal noise and a reduced
timing margin.
[0004] To compensate for such transmission loss, the prior art proposes a transmission technique such as disclosed
in Japanese Unexamined Publication No. 2000-19681.
[0005] Japanese Unexamined Publication No. 2000-19681 describes a circuit in which the input signal is delayed
by one cycle through a delay circuit, inverted by an inverter circuit and then added to the original input signal to em-
phasize the portion where signal data changes. However, this circuit has had the problem that the power consumption
increases because a short circuit condition occurs when the input signal and its inverted signal are added together.

DISCLOSURE OF THE INVENTION

[0006] To solve the above problem, the present invention provides a driver circuit and a driver driving method in
which the input signal to the driver is compared with the signal one cycle back and, if they are not identical, the driving
power of the driver is increased. According to the present invention, transmission loss can be compensated for by
increasing the driving power of the driver for one cycle period starting from the rising or falling of the signal.
[0007] The present invention also provides a driver circuit and a driver driving method in which the input signal to
the driver is compared with the signal one cycle back and, if they are not identical, the driving power of the driver is
increased, and in which the signal input to the driver is further compared with the signal two cycles back and, if they
are identical, the factor by which to increase the driving power is reduced for the one cycle concerned. According to
the present invention, not only can the transmission loss be compensated for, but waveform perturbations, which may
be caused when the driving power is increased, can also be suppressed.
[0008] The present invention also provides a control circuit which detects a change in the input signal to the driver
circuit, and controls the driver circuit in accordance with the result of the detection.
[0009] The present invention further provides a transmission method for transmitting an output from the driver to a
receiver by using the above-described driver circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The present invention will be described below with reference to the accompanying drawings, wherein:

Figure 1 is a diagram showing an overview of the present invention;
Figure 2 is a diagram showing a first embodiment of the present invention;
Figure 3 is a diagram showing a second embodiment of the present invention;
Figure 4 is a diagram showing a third embodiment of the present invention;
Figure 5 is a time chart for the embodiment;
Figure 6 is a set of waveform diagrams showing simulation results for the first embodiment for comparison with a
reference example;
Figure 7 is a set of diagrams showing simulation results for the second and third embodiments; and
Figure 8 is a diagram showing a prior art example.
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BEST MODE FOR CARRYING OUT THE INVENTION

[0011] Figure 1 shows an overview of the present invention.
[0012] A driver circuit 10 according to the present invention comprises a driver unit 30 and a driver control unit 20.
The driver control unit 20 includes: a means for detecting a change in an input signal, or more specifically, an input
signal comparing section 20a for comparing the present data of the input signal with its previous data; and a driver
control signal output section 20b for outputting a signal for controlling the driver in accordance with the result of the
comparison.
[0013] The driver control unit 20 compares the present data of the input signal with the data one cycle back and, if
they are not identical, can output a control signal so as to increase the driving power of the driver.
[0014] In addition to that, the present data is compared with the data two cycles back, and if they are identical, the
factor by which to increase the driving power of the driver can be reduced.
[0015] Figure 2(a) shows a first embodiment of the present invention, and Figure 2(b) shows a time chart for the same.
[0016] In Figure 2(a), the driver circuit 10 having a driver input and a driver output is shown with a transmission line
5 and a receiver 6.
[0017] The driver unit 30 in the driver circuit 10 comprises two parallel drivers 31 and 32 connected in parallel. The
driver control unit 20 comprises a D-flip-flop 12 and an exclusive-NOR circuit ENOR 21. The ENOR 21 compares the
current data A of the input signal with the data B one cycle back and, if they are not identical, outputs an enable signal
-EN to drive the driver 32.
[0018] To describe more specifically, the driver input is supplied to a D-flip-flop FF 11. A D-flip-flop, which operates
as each clock pulse is applied, has the function of holding data for one cycle. Therefore, the driver input is output from
the FF 11 as the input signal data A after being delayed by one cycle. The data A is passed through a delay time
adjusting device 4, and supplied as a signal OT to the drivers 31 and 32.
[0019] The data A is also supplied to a D-flip-flop FF 12, as well as to one input of the exclusive-NOR circuit ENOR
21. The FF 12 outputs the data B by delaying the input data A by one cycle, and the output data B is supplied to the
other input of the ENOR 21.
[0020] The truth table for the ENOR 21 is shown below.

[0021] The exclusive NOR circuit outputs a 1 if the inputs match, and a 0 if the inputs do not match. When the data
A and the data B do not match, the ENOR 21 sets the enable signal -EN to 0 to drive the parallel driver 32.
[0022] Figure 2(b) shows the time chart for particular portions of Figure 2(a). Each section divided by vertical lines
indicates one cycle.
[0023] The data A is the current input data.
[0024] The data B is the signal produced by delaying the data A by one cycle.
[0025] The enable signal -EN is the driver control signal created by inputting the data A and data B to the ENOR 21.
When A and B match, a 1 is output, and when they do not match, a 0 is output as shown in cycles (i) to (iv). The parallel
driver 32 is driven by the output 0.
[0026] The slight delay of the enable signal -EN shown in the time chart is due to the presence of circuit elements
such as the ENOR 21.
[0027] The signal OT is the signal input to the drivers 31 and 32. The signal OT is created by giving the data signal
A a delay equal to the delay time of the enable signal -EN.
[0028] The driver output X indicates the driving power of the driver for the input signal OT; in cycles (i) to (iv), the
parallel driver 32 is operated by the output 0 of the enable signal -EN, to increase the driving power to twice the normal
level.
[0029] That is, the driving power is increased by two times for one cycle period from the rising or falling of the data
A. If there is no change in the data in the next cycle, the driving power is reduced back to the normal level (unity).
[0030] In this way, the driver control unit including the ENOR 21 detects a signal change by referring to the signal
one cycle back, and controls the driver so as to emphasize the one cycle where the change has occurred.
[0031] When the driving power of the driver is enhanced to increase the output as just described, if transmission
loss occurs in the high frequency components of the signal during transmission through the transmission line 5 to the
receiver 6, the level drop at the receiver 6 can be compensated for.

A B -EN
0 0 1
0 1 0 (Drives the parallel driver 32 to emphasize the output)
1 0 0 (Drives the parallel driver 32 to emphasize the output)
1 1 1
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[0032] As described above, according to the first embodiment, transmission loss can be compensated for by using
a circuit with simple configuration.
[0033] In this embodiment, the driving power of the driver is doubled by connecting a plurality of drivers in parallel.
Alternatively, a single driver having a high driving power may be used normally by limiting its power and, when needed,
by increasing the driving power by an output signal of the driver control unit.
[0034] Here, for a better understanding of the advantageous effects of the present invention, a comparison will be
made with a prior art driver loss compensating circuit.
[0035] Figure 8(a) shows the prior art driver loss compensating circuit, and Figure 8(b) shows a time chart for the
same.
[0036] As shown in Figure 8(a), in the prior art circuit, the input A is supplied to an amplifier 81 which produces an
output X1; at the same time, the input A is also fed into a delay circuit 83 where a delay of one cycle is introduced, and
the resulting signal is inverted by an inverter amplifier 82 to obtain an inverted output X2 with a desired level. Next, the
outputs X1 and X2 are combined to obtain a driver output Y. As shown in the time chart of Figure 8(b), the driver output
Y has a waveform whose portion near the edge is emphasized for the time determined by one cycle.
[0037] The prior art is the same as the present invention in that the portion near the edge is emphasized, but differs
in that the output X1 is directly summed with the inverted output X, as a result of which a short circuit condition occurs
and the power loss increases. Furthermore, the level of the portions other than the portion near the edge is lower than
the level of the original waveform.
[0038] In contrast, in the present invention, the output is emphasized by increasing the driving power of the driver;
as a result, the short circuiting due to the signal summing does not occur, and the edge can be further emphasized
compared with the prior art. Further, even if the power for emphasizing the signal is taken into account, the total power
consumption can be reduced compared with the prior art.
[0039] Figure 3(a) is a diagram showing a second embodiment of the present invention, and Figure 3(b) is a time
chart for the second embodiment. In Figure 3, the same constituent elements as those in Figure 2 are designated by
the same reference numerals.
[0040] As shown in Figure 3(a), the circuit configuration of the second embodiment differs from that of the first em-
bodiment in that the driver unit in the second embodiment is constructed from three drivers 31, 32, and 33 connected
in parallel, and in that not only the driver 32 but also the driver 33 is controlled by the driver control signal output from
the ENOR 21.
[0041] Figure 3(b) shows the time chart for the case where the present input signal data A, the same one as that
shown in the first embodiment, is applied. The signals A and B, the enable signal -EN, and the signal OT are the same
as those shown in the first embodiment. X indicates the driving power of the driver; here, since both the parallel drivers
32 and 33 are operated by the signal 0 of the enable signal -EN, the driving power is increased to three times the
normal level as shown in cycles (i) to (iv).
[0042] That is, the driving power X of the driver is increased to three times the normal level for one cycle where a
change has occurred. After that, the driving power is maintained at the normal level (unity) until a change occurs again.
[0043] In this way, when a data change is detected, not only the driver 32 but the driver 33 is also driven, thus
providing the driver unit with a driving power of three times the normal level for only the one cycle where the change
is detected.
[0044] This prevents the signal edge from rounding and the initial level of the signal from dropping, even when the
signal is transmitted through the transmission line 5 with high transmission loss.
[0045] Here, the number of drivers connected in parallel need not necessarily be limited to three.
[0046] Figure 4 is a diagram showing a third embodiment of the present invention, and Figure 5 is a time chart for
the third embodiment.
[0047] This embodiment includes three parallel drivers 31, 32, and 33, as in the second embodiment, but the control
method differs. In the present embodiment, the third driver 33 is controlled by referring to the data two cycles back as
well as to the data one cycle back. That is, in the second embodiment, whenever a change is detected, the driving
power is increased by three times; on the other hand, in the present embodiment, the third driver 33 is not driven in
certain cases, thus limiting the driving power to twice the normal level.
[0048] This serves to prevent perturbations in the waveform that may be caused when the driving power is increased
by three times.
[0049] More specifically, to control the driver 33, another exclusive-NOR circuit ENOR 22 is provided in addition to
the ENOR 21, and the driver 32 is controlled by an enable signal -EN2 which is the OR of the outputs of the ENORs
21 and 22.
[0050] The ENOR 22 takes the data A and data C at its inputs. The data C is a signal obtained as an output of a D-
flip-flop FF 13 to which the data B is input. Since the data B is a signal obtained by delaying the data A by one cycle,
it follows that the data C is a signal obtained by delaying the data A by two cycles.
[0051] The truth table for the enable signals -EN1 and -EN2 is shown below.
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[0052] ENOR(A,B) indicates the exclusive NOR of A and B, and ENOR(A,C) indicates the exclusive NOR of A and
C. The enable signal -EN1 is ENOR(A,B), while the enable signal -EN2 is the OR of ENOR(A,B) and ENOR(A,C).

[0053] In the case (*2), the data A differs from the data B one cycle back, so that the enable signal -EN is 0; in the
second embodiment, the driving power would be increased by three times as in the case (*1). In the third embodiment,
however, the driving power is limited to twice the normal level, as described above.
[0054] Referring to the time chart shown in Figure 5, the signals A and B, the enable signal -EN, and the signal OT
are the same as those shown in the first and second embodiments, except that the data in the subsequent cycles
omitted in the first and second embodiments are shown here.
[0055] The driving power X of the driver will be described below for each of the cycles where the input signal changes.
[0056] In each of the cycles (i), (ii), and (v), as the enable signals -EN1 and -EN2 are both 0, both of the parallel
driver 32 and 33 are driven, increasing the driving power to three times the normal level as in the case of the second
embodiment.
[0057] In each of the cycles (i), (ii), and (v), the present data OT does not match the data B one cycle back, nor does
it match the data C two cycles back. This indicates the case where the signal has remained unchanged in the preceding
two cycles but changes in the present cycle.
[0058] In each of the cycles (iii) and (iv), the enable signal -EN1 is 0, but the enable signal -EN2 is 1; in this case,
the parallel driver 32 is driven but the parallel driver 33 is not driven, thus limiting the driving power to twice the normal
level.
[0059] The cycles (iii) and (iv) each show the case where the present data OT does not match the data B one cycle
back, but matches the data C two cycles back. That is, changes occur in succession.
[0060] The present invention can also be viewed as providing a method of signal transmission between a driver and
a receiver.
[0061] That is, the present invention provides a method for transmitting a transmit signal by obtaining the driver
output as the transmit signal by using the driver circuit and the driver driving method described above, wherein the
input data to the driver is compared with the data one cycle back, and if they are not identical, the driving power of the
driver is increased to produce an output signal which is transmitted as the transmit signal.
[0062] Further, according to the transmission method of the present invention, the input data is further compared
with the data two cycles back, and if they are identical, the factor by which to increase the driving power of the driver
is reduced to produce an output signal which can then be transmitted as the transmit signal by suppressing perturbations
in its waveform.
[0063] Furthermore, the increase of the driving power of the driver used in the transmission method of the present
invention, and the reduction of the factor by which to increase the driving power, can be accomplished by operating a
prescribed number of drivers selected from among three or more drivers connected in parallel.
[0064] Figures 6 and 7 are waveform diagrams showing the results of the simulation performed of the embodiments
of the present invention to demonstrate the advantageous effects of the present invention.
[0065] Each diagram was constructed by sequentially inputting 16 four-bit combinations 0000 to 1111 as input signals
and by overlaying the obtained waveforms. The observation point indicated by Rv is the point at which the transmitted
signal, having passed through the transmission line, enters the receiver.
[0066] In this simulation, the length of the transmission line was set to 45 cm; in each diagram, the ordinate represents
the voltage plotted with 200 mV/div. and the abscissa represents the time plotted with 1 ns/div. Figure 6(a) shows a
reference example in which the present invention is not used. The circuit is fundamentally the same as that of the first
embodiment shown in Figure 2(a), except that the parallel driver 32 is omitted and the FF 12 and ENOR 21 constituting

A B C ENOR(A,B) ENOR(A,C) -EN1 -EN2
0 0 0 1 1 1 1
0 0 1 1 0 1 1
0 1 0 0 1 0 1 (*2)
0 1 1 0 0 0 0 (*1)
1 0 0 0 0 0 0 (*1)
1 0 1 0 1 0 1 (*2)
1 1 0 1 0 1 1
1 1 1 1 1 1 1

(*1) indicates the case where both of the parallel drivers 32 and 33 are driven, thus increasing the driving power
by three times to emphasize the output accordingly, while (*2) indicates the case where the parallel driver 32 is
driven but the parallel driver 33 is not driven, thus limiting the driving power to twice the normal level.
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the driver control unit are removed.
[0067] In the reference example, the initial amplitude of the rising and falling portions from 0 to 1 and from 1 to 0 is
decreased.
[0068] In contrast, in the simulation result of the first embodiment shown in Figure 6(b), it can be seen that the initial
amplitude is clearly improved.
[0069] Figure 7(a) shows the simulation result of the second embodiment; as can be seen, the initial amplitude is
further improved compared with the first embodiment.
[0070] Figure 7(b) shows the simulation result of the third embodiment; here, the same effect as achieved in the
second embodiment in improving the initial amplitude is obtained, and in addition to that, fluctuations in the waveform
in the horizontal and vertical directions are reduced compared with the second embodiment. For example, (m) in the
second embodiment indicates the last 1 in a code sequence changing from 1 to 0 and to 1, and is emphasized by three
times; as can be seen, it overshoots the steady-state level. In contrast, in the third embodiment, the overshoot is
eliminated as shown in (n). This is because, for the last 1 in the above code sequence, the driving power is not increased
by three times but is limited to twice the normal level.
[0071] In this way, when changes occur in succession, better loss compensation can be achieved by making the
compensation after referring not only to the data one cycle back but also to the data two cycles back.
[0072] In the driver circuit and the driver driving method according to the present invention, as the driving power of
the driver is increased to compensate for the high frequency transmission loss of the signal, the driver circuit capable
of compensating for the transmission loss can be constructed using simple circuitry.
[0073] Furthermore, as the factor by which to increase the driving power of the driver is controlled by referring to not
only the signal one cycle before the driver input signal but also the signal two cycles before the input signal, a driver
output compensated for the transmission loss and less prone to waveform perturbations can be obtained.
[0074] On the other hand, according to the control circuit of the present invention, the driver circuit can be controlled
according to the variation of the input signal to the driver circuit (for example, the variation of the input signal over time).
[0075] Further, by transmitting the output of the driver circuit, a transmission method less susceptible to transmission
loss can be achieved.

Claims

1. A driver driving method, comprising: comparing an input signal data to a driver with data one cycle back, and
increasing driving power of said driver if they are not identical.

2. A driver driving method as claimed in claim 1, further comprising: comparing said input signal data with data two
cycles back, and reducing the factor by which to increase said driving power if they are identical.

3. A driver driving method as claimed in claim 1 or 2, wherein the increase of the driving power of said driver and the
reduction of said factor are accomplished by operating a predetermined number of drivers selected from among
a plurality of drivers connected in parallel.

4. A driver circuit having a driver control unit and a driver unit, wherein said driver control unit compares input signal
data to a driver with data one cycle back, and if they are not identical, said driver control unit outputs a driver
control signal whereupon said driver unit increases driving power of said driver.

5. A driver circuit as claimed in claim 4, wherein said driver unit has a plurality of drivers connected in parallel, and
the increase of the driving power of said driver is accomplished by operating said plurality of drivers connected in
parallel.

6. A driver circuit as claimed in claim 4 or 5, wherein said input signal data is compared with data two cycles back,
and if they are identical, the factor by which to increase said driving power is reduced.

7. A driver circuit as claimed in claim 6, wherein said driver unit includes three or more drivers, and increases said
driving power or reduces said factor by driving a prescribed number of drivers by said control signal supplied from
said driver control unit.

8. A transmission method for transmitting an output signal of a driver to a receiver, wherein input signal data to said
driver is compared with data one cycle back, and if they are not identical, driving power of said driver is increased,
and the output signal produced by said driver with said increased driving power is transmitted.
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9. A transmission method as claimed in claim 8, wherein said input signal data is compared with data two cycles
back, and if they are identical, the factor by which to increase said driving power is reduced.

10. A transmission method as claimed in claim 8 or 9, wherein the increase of the driving power of said driver and the
reduction of said factor are accomplished by operating a prescribed number of drivers selected from among a
plurality of drivers connected in parallel.

11. A control circuit for controlling a driver unit whose driving power is controllable, comprising: a detecting section to
detect a change in an input signal to said driver unit; and a driver control signal output section to output a driver
control signal for controlling said driver unit in accordance with the result of the detection supplied from said de-
tecting means.

12. A control circuit as claimed in claim 11, wherein said driver unit comprises a plurality of drivers connected in parallel,
and said driver control signal output section outputs said control signal so as to operate a predetermined number
of drivers in accordance with the result of the detection supplied from said detecting section.
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